S1. Evaluation metrics
The evaluation is made using the metrics defined through the following equations,
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Where x a i is the observed (x obs ) or modelled (x mod ) values,  is the standard deviation of obsevations ( obs and model values ( mod , %bias is the model mean bias normalized by the observed mean, r is the Pearson correlation coefficient between observed and modelled values, and the RMSE is the root mean square error of the modelled values compared to the observed. Table 2 in the main paper includes spatial mean of hourly statistics and spatial statistics of annual means:
 The spatial mean of hourly statistics is calculated as follows: The above metrics (eqns.
(1)-(5)) are calculated for hourly near-surface O 3 concentrations at each of the measurement sites. These statistics are then averaged spatially over the measurement sites (as in eqn. (1)). This evaluates the temporal performance.
 The spatial statistics of hourly means are calculated as follows: The annual mean (2013) is calculated from the observed respective modelled hourly near-surface O 3 at each of the observation sites. These observed and modelled annual mean pairs are then used in the calculation of the above metrics (eqns. (1)-(5)). This evaluates the spatial performance.
S2. Evaluation of annual means
The 2dvar analysis significantly improves the correlation coefficient and RMSE at the observation sites of modelled annual mean near-surface O 3 as compared to the MFG simulation (Table S1 ): The average correlation coefficient, 0.46, in the MFG, is improved to 0.87 in the LONGTERM reanalysis, and reaches 0.99 in the ALL reanalysis. The RMSE is also improved in the ALL and LONGTERM reanalyzes. This is expected, since the ALL reanalysis is dependent on all the observations included in the evaluation, LONGTERM is dependent on part of the observations, whereas the MFG simulation is independent of the observations. It is striking that the mean bias is very low for all simulations, including the observation independent MFG. The MFG simulation underestimates the inter-annual variation, whereas the variations in the reanalyzes are similar to the variations in the measurements. The spatial statistics of the 2dvar analysis are similar to or better than the MFG simulation. The correlation coefficient of the multi-year means is poor for the MFG simulation and the spatial variation is underestimated, but both are strongly improved in the LONGTERM and ALL reanalyzes.
S3. Time series comparison of ALL and LONGTERM
To understand how the number of measurement sites included in the two assimilated data sets affects the time series for a larger spatial area, we compare the trends in annual mean and annual max ( Fig. S2-S3 ) obtained with the two simulations. The annual values are averaged for three regions (North, Central and South, as illustrated in the main paper Fig. 3 ). The time series of ALL and LONGTERM diverge, especially in the later part of the period, which is due to an introduction of more measurement sites in the later part of the ALL simulation.
Several of these sites experience strong night-time temperature inversions, which in turn result in very low night-time O 3 concentrations. For this reason the annual max does not diverge as much as the annual means. Thus the estimated trend differs for the two simulations, with the largest difference for annual mean in southern and central Sweden. To eliminate such impacts on the trend statistics, we will therefore focus on the LONGTERM simulation in the assessments of these metrics. In Fig. S3 we also include a comparison of the annual mean time series for observations and the MFG, LONGTERM and ALL simulations at each of the measurement sites. The trend figures illustrate the evaluation scores: good performance by MFG at many sites and improvements due to the variational analysis, with best performance compared to the observations by the ALL simulation. Further, it is clear that the time series of LONGTERM and ALL diverge at the measurement sites with fewer years of data, further strengthening our conclusion about using the LONGTERM data set for trend and extreme estimation. Observations (black circle), the "first guess" simulation MFG (grey line), the two reanalyzes LONGTERM (red) and ALL (blue). Sweden, see Fig. 1 in the main paper). Circles represent different percentiles; solid line is the 1 st degree and dashed line is the 2 nd degree regression fit of all percentiles in the respective region. Table S2 . Linear trend of percentiles in the 3 Swedish regions. Stars (*, **, and ***) indicate that the trend is significant (p≤0.05, p≤0.01, p≤0.001, respectively). Unit: g m -3 year -1 . 
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